1. Introduction
===============

Gestational diabetes mellitus (GDM) was defined as "hyperglycemia diagnosed in the second or third trimester of pregnancy that is not clearly overt diabetes" by the American Diabetes Association (ADA) in 2014.^\[[@R1]\]^ GDM is associated with numerous pregnancy complications, such as gestational hypertension, cesarean delivery, macrosomia, and stillbirth.^\[[@R2]\]^ Besides, an increasing body of evidence has showed that the longer-term health outcomes of both mother and child may be adversely affected by GDM.^\[[@R3]--[@R5]\]^ For the mother, GDM is a risk factor for later development of type 2 diabetes;^\[[@R3]\]^ and for the child, long-term exposure to intrauterine hyperglycemia increases the risks of obesity, diabetes, and other metabolic syndromes.^\[[@R6]\]^

In 2010, the International Association of Diabetes and Pregnancy Study Groups (IADPSG) proposed some new GDM diagnostic criteria^\[[@R7]\]^ based on the result of the Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) study.^\[[@R8]\]^ The IADPSG criteria were published and modified by the Ministry of Health (MOH) in China in August, 2014,^\[[@R9]\]^ which has proven appropriate for the Chinese population.^\[[@R10]\]^ By the new criteria, GDM is diagnosed if one or more of the following criteria are met in the 75 g oral glucose tolerance test (OGTT): a fasting plasma glucose (FPG) level ≥ 5.1mmol/L, a 1-h plasma glucose (1-h OGTT) level ≥ 10.0 mmol/L, and / or a 2-h plasma glucose (2-h OGTT) level ≥ 8.5 mmol/L.^\[[@R8]\]^ Giving all pregnant women a 75 g OGTT may facilitate early GDM detection and reduce adverse outcomes, as more women would receive treatment for hyperglycemia once detected.^\[[@R11]\]^

Nevertheless, reports have been limited with regard to the specific relationship between maternal blood glucose and obstetrical and neonatal outcomes; and thus it still remains largely unclear which parameter, FPG, 1-h OGTT, or 2-h OGTT, has the greatest impact on pregnancy outcomes.^\[[@R12],[@R13]\]^ Despite the fact that many studies^\[[@R14]--[@R16]\]^ have identified risk factors of GDM, such as prepregnancy obesity, excessive gestational weight gain, and family history of diabetes, the risk factors of adverse pregnancy outcomes among GDM are yet to be explored. In addition, a previous study^\[[@R17]\]^ found that pregnancy outcomes of GDM women may vary with the number of abnormal OGTT values. In this study, therefore, we sought to investigate the impact of each OGTT parameter defined by the new IADPSG criteria on adverse pregnancy outcomes and to determine the risk factors for adverse outcomes among women with GDM. We also aimed to analyze the relationship between the number of abnormal OGTT values and adverse pregnancy outcomes.

2. Methods
==========

2.1. Participant selection
--------------------------

This retrospective cohort study included data of women who had GDM and were treated between January 1, 2015 and December 31, 2017 at West China Second University Hospital, Sichuan University, which is located in Western China. As one of the top-ranking maternity hospitals in China, West China Second University Hospital is responsible for a great amount of clinical work such as treatment, referral, and consultation for women and children with critical illnesses in Sichuan Province, and even across Southwestern China, and provides healthcare services to patients from different socioeconomic backgrounds with approximately 10,000 deliveries per year.

Singleton pregnant women diagnosed as GDM were eligible to be included in this study unless they met one or more of the following exclusion criteria: multiple pregnancies, pregestational diabetes, pre-existing systemic diseases that may affect GDM, or lack of OGTT or delivery data. All information on women with GDM was recorded in the Hospital Information System (HIS), and was selected and extracted from the HIS by 2researchers independently.

2.2. Diagnostic criteria for GDM
--------------------------------

GDM was diagnosed when at least one abnormal plasma glucose value was determined as ≥ 5.1mmol/L (fasting), ≥ 10.0 mmol/L (1 hour), and / or ≥ 8.5 mmol/L (2 hours) at 24 to 28 weeks of gestation for all women not previously found to have overt diabetes or GDM during any earlier 75 g OGTT test in their current pregnancy.^\[[@R7]\]^ For women who had more than one 75 g OGTT test performed during their pregnancy, the latest OGTT results were recorded if the earlier 75 g OGTT was diagnostic of GDM.

Based on the number of abnormal OGTT values, GDM women were stratified into 3 groups, that is, Group 1, Group 2, and Group 3, which consisted of pregnant women with 1, 2, or 3 abnormal OGTT values, respectively. In addition, GDM women were stratified by the presence/absence of adverse pregnancy outcomes into 2 groups.

2.3. Data collection
--------------------

Maternal and pregnancy variables: age, nationality, gravidity, parity, days of pregnancy, gestational weight gain, history of abnormal pregnancy, family history of diabetes, age of first sexual contact, age of menarche, number of antenatal visits, FPG, 1-h OGTT, 2-h OGTT, and antenatal insulin treatment (AIT, administered when GDM women had a FPG ≥ 5.8 mmol/L, and a 2-h OGTT ≥ 6.7 mmol/L after dietary therapy).

Obstetric outcomes: cesarean delivery, postpartum hemorrhage, premature delivery, gestational hypertension, amniotic fluid pollution, intrahepatic cholestasis of pregnancy (ICP), premature rupture of membranes (PROM), placental abruption, preeclampsia, and polyhydramnios.

Neonatal variables: birth weight and Apgar score at 1 minute; and neonatal outcomes: macrosomia, fetal growth restriction, fetal distress in uterus, fetal malformations, neonatal asphyxia, stillbirth, full term low weight infants, protracted descent and small for gestational age (SGA).

Some of these variables (e.g., preeclampsia, macrosomia) were only reported as yes/no, while others as exact numerical values (gravida and birth weight). To examine associations between maternal glycemia and perinatal outcomes, each glucose measurement was considered as a continuous variable.

2.4. Statistical analysis
-------------------------

All data were analyzed using SPSS FOR WINDOWS version 21.0 (SPSS Inc, Chicago, IL). Mean ± standard deviation (SD) was reported for continuous variables, and number and percentage were reported for categorical variables. Student\'s *t*-test and Mann--Whitney *U* test were used to compare continuous variables while Pearson\'s chi-square test and Fisher\'s exact test were used to analyze categorical variables. A logistic model was fitted to estimate the odds ratio (OR) and its 95% confidence interval (CI). Binary logistic regression model was used to analyze the role of FPG, 1-h OGTT, and 2-h OGTT in predicting adverse pregnancy outcomes and identify the risk factors of adverse outcomes among women with GDM. *P* \< .05 was considered statistically significant. However, when Pair-wise comparison of multiple independent sample rate was used, *P* \< .017 was considered statistically significant.

2.5. Ethical approval
---------------------

The study was approved by the Ethics Committee of West China Second University Hospital, Sichuan University (No. 2018027).

3. Results
==========

3.1. Characteristics and outcomes of study participants
-------------------------------------------------------

In total, 3702 pregnant women with GDM were included in the initial sample. After excluding 421 women without OGTT or delivery data and 60 women with pre-gestational or overt diabetes, 3221 women with GDM were eligible for our analysis. The study population consisted of 1,601 (49.7%) women with adverse pregnancy outcomes and 1,620 (50.3%) women without adverse pregnancy outcomes. Among them, 1876 (58.2%) had one abnormal OGTT value, 939 (29.2%) had 2abnormal OGTT values, and 406 (12.6%) had 3 abnormal OGTT values. The participants' baseline characteristics and the incidence of obstetrical and neonatal outcomes are summarized (Table [1](#T1){ref-type="table"}). The mean FPG, 1-h OGTT, and 2-h OGTT levels were 4.98 mmol/L, 10.03 mmol/L, and 8.89 mmol/L, respectively. The number of different adverse pregnancy outcomes because of hyperglycemia including FPG, 1-h OGTT, and 2-h OGTT are also presented (Fig. [1](#F1){ref-type="fig"}).
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Characteristics and outcomes of study participants (n = 3221).
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![The number of different adverse pregnancy outcomes on hyperglycemia including FPG, 1-h, and 2-h OGTT. 1-h plasma glucose = 1-h OGTT, 2-h plasma glucose = 2-h OGTT, FPG = fasting plasma glucose, OGTT = oral glucose tolerance test.](medi-97-e12920-g002){#F1}

3.2. Characteristics of GDM women with or without adverse pregnancy outcomes
----------------------------------------------------------------------------

In our study, GDM women were stratified by the presence/absence of adverse pregnancy outcomes. Women with adverse outcomes had fewer days of pregnancy, smaller gestational weight gain, smaller number of prenatal visits, younger age of menarche, smaller number of AIT, and lower neonatal birth weight than those without adverse outcomes; and the differences were all statistically significant. The FPG, 1-h OGTT, and 2-h OGTT values and the incidence of an Apgar score at 1 minute ≤ 7 were significantly higher in women with adverse outcomes than those without. No significant differences were found in terms of age, nationality, gravidity, parity, history of abnormal pregnancy, family history of diabetes, and age of first sexual contact (Table [2](#T2){ref-type="table"}).

###### 

Characteristics of women having gestational diabetes mellitus with or without adverse outcomes.
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3.3. Relationship between glucose levels and adverse outcomes
-------------------------------------------------------------

Because a collinearity problem was identified among FPG, 1-h OGTT, and 2-h OGTT, logistic regression analysis was performed for each variable, respectively. After adjusting for age, gravidity, days of pregnancy, gestational weight pain, history of abnormal pregnancy, family history of diabetes, and the number of antenatal visits, both FPG and 2-h OGTT were significant predictors for adverse outcomes among women with GDM (Table [3](#T3){ref-type="table"}). Nevertheless, FPG had a stronger association with adverse pregnancy outcomes than 2-h OGTT did (FPG: OR, 1.143; 95% CI, 1.007--1.297; *P* = .038 vs 2-h OGTT: OR, 1.074, 95% CI, 1.018--1.133, *P* = .009).

###### 

Logistic regression analysis after controlling for potential confounders of predictors for adverse outcomes.
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3.4. Risk factors of adverse outcomes among women with GDM
----------------------------------------------------------

According to the logistic regression analysis, the incidence of adverse pregnancy outcomes was affected by maternal age, especially during 28--37 years (OR, 1.403; 95% CI, 1.037--1.899; *P* = .028), days of pregnancy (OR, 0.904; 95% CI, 0.894--0.914; *P* ≤ .001), gestational weight gain (OR, 1.018; 95% CI, 1.000--1.036; *P* = .048), and age of menarche (OR, 0.925; 95% CI, 0.863--0.992; *P* = .029) after adjusting for nationality, gravidity, parity, history of abnormal pregnancy, family history of diabetes, and age of first sexual contact (Table [4](#T4){ref-type="table"}). We further analyzed the difference in adverse pregnancy outcomes among different age groups and found a significant difference in cesarean delivery (*P* ≤ .001), premature delivery (*P* = .012), gestational hypertension (*P* ≤ .001), pre-eclampsia (*P* = .019), macrosomia (*P* = .044), and full term low weight infants (*P* = .036). Meanwhile, the age of the woman was positively associated with the rate of cesarean delivery and gestational hypertension, and negatively associated with the rate of macrosomia, which was consistent with Fu\'s study.^\[[@R18]\]^ (Table [5](#T5){ref-type="table"}).
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Risk factors of adverse outcomes.
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###### 

Difference in adverse pregnancy outcome among different age groups^∗^.
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3.5. Relationship between the number of abnormal OGTT values and adverse outcomes
---------------------------------------------------------------------------------

Based on the number of abnormal OGTT values, GDM women were stratified into 3 groups, that is, Group 1, Group 2, and Group 3, which consisted of pregnant women with 1, 2, or 3 abnormal OGTT values, respectively. Adverse outcomes among different groups were compared using Pearson\'s chi-square test (Table [6](#T6){ref-type="table"}). When the results were statistically significant, pair-wise comparisons were performed and the level of significance was adjusted to 0.017 (α = 0.017) (Table [6](#T6){ref-type="table"}). The incidences of gestational hypertension, full term low weight infants, and AIT were higher in Group 2 than those in Group 1; the incidences of cesarean deliveries, preterm births, gestational hypertension, premature rupture of membranes, preeclampsia, macrosomia, and AIT were higher in Group 3 than those in Group 1; and the incidences of cesarean deliveries, preterm births, macrosomia, and AIT were higher in Group 3 than those in Group 2. The overall incidence of adverse pregnancy outcomes increased with the number of abnormal OGTT values (47.7%, 49.7%, and 59.1% respectively). A larger number of abnormal OGTT values was associated with significantly increased risks of antenatal insulin treatment, cesarean delivery, premature delivery, gestational hypertension, premature rupture of membranes, preeclampsia, macrosomia, neonatal asphyxia, and full term low weight infants (Table [7](#T7){ref-type="table"}).

###### 

Comparison of adverse outcomes in women having gestational diabetes mellitus stratified by the number of abnormal oral glucose tolerance test values.
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Pair-wise comparison of adverse outcomes in women having gestational diabetes mellitus stratified by the number of abnormal glucose values.
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4. Discussion
=============

GDM is one of the most common medical conditions associated with pregnancy. Both GDM mothers and babies have an increased risk of diabetes in their future lives. In 2011, based on the IADPSG guidelines, the ADA recommended for the first time that all pregnant women not known to have prior diabetes undergo a 75 g OGTT at 24 to 28 weeks of gestation.^\[[@R19]\]^ Because both the cutoff value and the number of abnormal OGTT values to diagnose GDM were changed in the new IADPSG criteria, more pregnant women are considered as having GDM. Despite the expanded diagnosis, appropriate management of GDM is still a major challenge worldwide. Therefore, we attempted to investigate the precise relationship between OGTT values and adverse pregnancy outcomes, and to identify risk factors for adverse outcomes among women with GDM.

In this retrospective cohort study, we found that maternal gestational weight gain and neonatal birth weight were lower in women with adverse outcomes than those without. This may be partially because once diagnosed as GDM, these women usually went on an overly strict diet due to ignorance of GDM treatment alternatives and a common fear of insulin. Consequently, they may have had inadequate energy intake, negative body weight growth, and other undesirable outcomes that were not conducive to fetal growth and development and may have increased risk of adverse pregnancy outcomes.^\[[@R16]\]^

In clinical practice, the main goal of GDM treatment is to control glucose metabolism and reduce adverse pregnancy outcomes. It has been demonstrated that optimal glycemic control improves pregnancy outcomes,^\[[@R20]\]^ while poor glycemic control may significantly increase both maternal and fetal risks of adverse outcomes,^\[[@R21]\]^ which is consistent with our finding that more frequent use of antenatal insulin was observed in GDM women with adverse outcomes. Prior studies have reported that 10.8% to 52.8% of GDM patients required AIT to achieve good glycemic control.^\[[@R22]--[@R25]\]^ By contrast, the rate of AIT use in this study was only 6.3%, which may be related to the strict eligibility criteria of participants that excluded many other GDM women who might need AIT, such as multiple pregnancies or those with other systemic diseases.

In our study, maternal age, days of pregnancy, age of menarche, and gestational weight gain were identified as risk factors for adverse outcomes, with maternal age exerting the most significant effect. Older women with GDM are more likely to have adverse pregnancy outcomes associated with decreased egg quality, embryonic chromosomal mutations, and embryo implantation issues caused by an injured uterus.^\[[@R18]\]^ In addition, due to the previous cesarean section history, and pathological and psychological factors, the rate of cesarean section in older women are also higher.^\[[@R26]\]^ Because the first 3 variables are not easy to modify, ensuring optimal weight before conception and preventing excessive weight gain during pregnancy are 2important measures that may help prevent negative outcomes. In addition, medical nutrition therapy (MNT) has also proved very effective. Pregnant women who are diagnosed to have GDM should receive MNT as early as possible to reduce the burden of the pancreas, improve the sensitivity of target tissues to insulin, and enhance their binding with insulin to maintain blood glucose at normal levels. Meanwhile, addressing the physiological needs of pregnant women and securing the normal growth and development of the fetus are equally important.^\[[@R27]--[@R29]\]^ Shi *et al* found that reasonable and effective MNT could control and stabilize body weight gain each week from diagnosis to delivery and reduce the use of insulin during pregnancy.^\[[@R16],[@R30]\]^ Thus, for women diagnosed as GMD, pregnancy nutrition monitoring and personalized nutrition therapy should be provided by the hospital, while extensive nutrition and health education should be offered by the community.

Still, uncertainty lingers regarding whether blood glucose levels at 3 time points of OGTT are sufficient for predicting increased risks of adverse perinatal outcomes. Previous studies suggested that FPG had a high predictive value for large-for-gestational age (LGA) infants and macrosomia.^\[[@R31],[@R32]\]^ A Danish study involving pregnant women with mild glucose intolerance but without GDM found a linear association, after adjustment for confounders, between maternal 2-h OGTT and cesarean delivery, spontaneous preterm delivery, shoulder dystocia, and macrosomia.^\[[@R33]\]^ A recent systematic review revealed that fasting glucose level had a stronger association with LGA than post-load one.^\[[@R34]\]^ Nevertheless, we found that both FPG and 2-h OGTT values had positive associations with adverse outcomes, of which FPG was more predictive. As a result, for GDM patients, fasting hyperglycemia may be more likely to cause adverse pregnancy outcomes.

It is assumed that the number of abnormal OGTT values may help identify different degrees of maternal/fetal risks. Compared with GDM women having only one hyperglycemic value, those with 2 or more elevated glucose values may have a more severe disruption in glucose metabolic balance and insulin sensitivity. Consistent with previous reports,^\[[@R35],[@R36]\]^ our study found similar trends between the number of abnormal OGTT values and the frequencies of adverse outcomes, such as cesarean delivery, premature delivery and macrosomia. Women with 2 or 3 abnormal OGTT values required more frequent AIT than those with only one abnormal value. A larger number of abnormal OGTT values were associated with higher odds of adverse pregnancy outcomes. For GDM women with 3 abnormal OGTT values, fasting and 2-h hyperglycemia in particular, stricter glucose control including diet regulation, exercise, and administration of insulin may be taken into account during pregnancy.

Our study has several strengths. First, most previous studies focus on the high risk factors for GDM, whereas our study was aimed at risk factors for pregnancy outcomes. Second, we controlled for a range of potential confounding factors in our analysis, allowing us to assess the independent effect of maternal hyperglycemia on pregnancy outcomes. More importantly, this is one of the very few studies in Western China to investigate the risk factors for adverse pregnancy outcomes among women with GDM and to determine the relationship between OGTT values and pregnancy outcomes. Despite these strengths, this study has some limitations though. First, body mass index (BMI) is an important indicator of nutritional status, and a high pre-pregnant BMI is a risk factor for GDM.^\[[@R37]\]^ Because of the lack of accurate prepregnancy weight and other missing data, we were unable to analyze the influence of BMI on adverse outcomes. Second, due to the lack of specific blood glucose values, we could not analyze the relationship between each adverse pregnancy outcome and the specific values at the 3 time points of OGTT. Future multicenter studies are needed to determine the optimal threshold of FPG and 2-h OGTT for high-risk screening. In addition, as this is a single-center retrospective study, these results may be applicable to the Chinese population only.

In conclusion, the incidence of adverse pregnancy outcomes may be affected by maternal age, days of pregnancy, gestational weight gain, and age of menarche. Both FPG and 2-h OGTT values are positively associated with adverse pregnancy outcomes, of which FPG is more predictive. Besides, a larger number of abnormal OGTT values is associated with a significant increase in perinatal adverse outcomes. Therefore, it is recommended that stratified management be provided for pregnant women with GDM, especially those with fasting hyperglycemia or 3 abnormal OGTT values.
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